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High-pressure discharge lamp and method of manufacturing an electrode feedthrough for 
such a lamp 



The invention relates to a high-pressure discharge lamp provided with a 

discharge vessel having a wall of a ceramic material and provided with at least one 
electrode feedthrough comprising a cermet rod, which is secured, at a first end, to a first 
end of an electrode pin by means of a welded joint, which electrode pin is substantially 
composed of tungsten and extends in line with the cermet rod. The invention further 
relates to a method of manufacturing an electrode feedthrough for such a high-pressure 
discharge lamp. 

A lamp of the type described in the opening paragraph is known from 

European patent application EP 0 887 839 A2. Said known lamp is a high-pressure 
discharge lamp, more particularly a metal-halide lamp. This lamp has a discharge vessel 
of a ceramic material and is provided with two electrode feedthroughs comprising a 
cermet rod. In this description and in the claims, ceramic material is to be taken to mean a 
densely sintered polycrystalline metal oxide, such as aluminum oxide or yttrium 
aluminum garnet, or a densely sintered polycrystalline metal nitride, such as aluminum 
nitride. In this description and in the claims, cermet is to be taken to mean a sintered 
compound of a mixture of ceramic material and a metal, in particular a mixture of 
aluminum oxide and molybdenum. Such cermets are refractory materials having 
electroconductive properties. Particularly the cermets of aluminum oxide, which 
comprise 35 to 70% molybdenum, are found to be very suitable for use in the electrode 
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feedthrough of high-pressure discharge lamps. The cermet rod of the electrode 
feedthrough of the known lamp is secured to an electrode pin by means of a welded joint, 
said electrode pin being predominantly composed of tungsten. Said joint between cermet 
rod and electrode pin is embodied so as to be a butt weld, with an end of the cermet rod 
being pressed against an end of the electrode pin by exerting a small force, and the weld 
being formed by directing a laser beam at the interface between the rod and the pin. 

The electrode feedthrough of the known lamp has a number of drawbacks. 

As a result of the operation wherein laser beams are used to produce the welded joint 
between the cermet rod and the electrode pin, comparatively large quantities of impurities 
are obtained on the electrode feedthrough and on the tools. These impurities consist in 
particular of aluminum oxide originating from the cermet rod as a result of evaporation at 
the location where the laser beam is incident on the rod. This problem is aggravated when 
use is made of cermet rods having a larger diameter and cermet materials having a 
comparatively small molybdenum content. As a result, lamps with a higher wattage and 
higher current intensities are problematic in practice. In addition, at the location of the 
welded joint, welding edges are formed which seriously hamper the formation of the 
electrode feedthrough in the wall of the discharge vessel. 

It is an object of the invention to provide measures by means of which said 

drawbacks can be obviated. 

A high-pressure discharge lamp of the type mentioned in the opening 

paragraph is characterized in accordance with the invention in that the electrode pin 
comprises a solidified tungsten melt at its first end in the vicinity of the interface between 
electrode pin and cermet rod. 

It has been found that a good welded joint between cermet rod and 

electrode pin can be obtained if, in the course of the welding process, the welding energy 
is supplied to the electrode pin in an area near the interface between rod and pin, which 
area does not extend up to the cermet rod, so that direct heating of the cermet is 
precluded. This area is hereinafter referred to as the welding area. A prerequisite is that 
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the welding area is situated near the interface, i.e. the distance from the center or middle 
point of the welding area to said interface is at the most equal to half the diameter of the 
pin. In addition, the welding energy level should be so high that a solidified tungsten melt 
is formed on the electrode pin at the location of the welding area. At this choice of the 
welding area and at such values of the welding energy, the first end of the electrode pin is 
heated to such a high temperature that the temperature of the cermet rod at its first end 
rises above the melting points of the constituent components of the cermet, so that a 
welded joint is formed at the interface between rod and pin. 

An advantage of a lamp in accordance with the invention resides in that 

the electrode feedthrough exhibits (substantially) no impurities because evaporation of 
cermet is precluded. This also has advantages for the manufacture of the feedthroughs 
because soiling of the tools is precluded. In addition, it is advantageous that a lamp in 
accordance with the invention does not comprise disturbing welding edges or welding 
drips at the interface between cermet rod and electrode pin. 

Lamps in accordance with the invention are preferred wherein the 

solidified tungsten melt has a dimension that is at most equal to the diameter of the 
electrode pin, and the distance from said solidified tungsten to the interface between 
electrode pin and cermet rod is smaller than half the diameter of the electrode pin. In such 
lamps, the size of the area to which the welding energy is supplied is at most equal to the 
diameter of the electrode pin, and the welding area is situated very close to the interface 
between pin and rod, so that a minimum amount of the welding energy is lost in the 
process wherein the welded joint is formed. The solidified tungsten, however, should not 
extend beyond the interface. 

In a further preferred embodiment of a lamp in accordance with the 

invention, the electrode pin exhibits, at its first end, a tungsten melt in three locations on 
its circumference, which tungsten melts are arranged at an angle of 120° with respect to 
each other and are at the same distance from the interface. This embodiment enables a 
very reliable welded joint between cermet rod and electrode pin to be achieved, because 
during forming the welded joint, the welding energy is supplied, for example by means of 
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three laser beams, in a substantially homogeneously distributed manner to the first end of 
the electrode pin in a location very close to the interface between rod and pin. 

In a practical embodiment of a lamp in accordance with the invention, the 

cermet rod of the electrode feedthrough is connected by its second end to a niobium pin. 
The reason for this being that a reliable current supply to the lamp is thus obtained. 

Preferably, a lamp in accordance with the invention comprises an electrode 

pin carrying, at its second end, a tungsten electrode spiral. By virtue thereof, the emission 
properties of the electrode pin are improved. 

A method of manufacturing an electrode feedthrough of a high-pressure 

discharge lamp in accordance with the invention is characterized in that a cermet rod is 
arranged such that a first end butts against a first end of a substantially tungsten electrode 
pin situated in line with the cermet rod, and in that a laser beam is directed at the first end 
of the electrode pin, at a target point in the vicinity of the interface between electrode pin 
and cermet rod, as a result of which a welded joint is obtained at the interface between 
cermet rod and electrode pin and, in addition, a melt, which solidifies upon cooling, is 
formed at the target point on the first end of the electrode pin. 

A method in accordance with the invention has the advantage that the 

welding energy can be very accurately supplied to the desired location near the interface 
between cermet rod and electrode pin, as a result of which, on the one hand, impurities 
are precluded and, on the other hand, welding edges and fins at the cermet rod are 
avoided. 

Preferably use is made of a method in accordance with the invention 

wherein two or more laser beams are directed at two or more target points on the 
circumference of the first end of the electrode pin, which target points are situated on the 
circumference of the electrode pin so as to make equal angles with each other and are 
situated at an equal distance from the interface between electrode pin and cermet rod. It 
has been found that this method enables reliable welded joints to be obtained, which can 
be reproduced very readily. After all, the welding process is only slightly influenced by 
small variations in the applied welding energy, the diameter of the target points and the 
focusing of the laser beams. In addition, the welding process is substantially independent 
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of the diameter and the composition of the cermet rod. The method proves to be 
particularly suitable for electrode pins having larger diameters, for example 1.0 mm or 
more. It has been found that, in this method, the use of three laser beams arranged so as 
to make an angle of 120° with each other leads, in practice, to very good results. In 
addition, the welding energy is reproducibly supplied in a well-localized manner to the 
desired locations near the interface. 

These and other aspects of the lamp and the method in accordance with the 

invention are apparent from and will be elucidated with reference to a drawing, wherein 

Fig. 1 diagrammaticallv shows a side view, partly in section, of a lamp in 

accordance with the invention; and 

Fig. 2 shows the electrode feedthrough of the lamp in accordance with Fig. 

1 in more detail. 

Fig. 1 shows a high-pressure discharge lamp with a discharge vessel 1, 

which is provided with an ionizable filling containing metal halide. The lamp has a power 
of 400 W. The discharge vessel 1 is made from densely sintered polycrystalline 
aluminum oxide, and provided with two electrode feedthroughs 2 and 3. By means of a 
sealing glass the feedthrough 2 is connected in a vacuumtight manner to a densely 
sintered aluminum oxide tube 4 which is sintered into the end wall 5 of the discharge 
vessel 1 . The electrode feedthrough 2 comprises a cermet rod 6 which is secured, at its 
first end 7, to the first end 8 of an electrode pin 9 by means of a welded joint. The cermet 
rod is composed of a sintered mixture of aluminum oxide and 35% molybdenum. The 
material of the electrode pin is tungsten, which may be doped with, for example, K and/or 
Re, or a tungsten alloy doped with, for example. Re. The cermet rod 6 is connected by its 
second end 12 to a niobium pin 13, and the electrode pin 9 carries a tungsten electrode 
spiral 1 1 at its second end 10. 
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Fig. 2 is a more detailed view of the electrode feedthrough of the lamp 

shown in Fig. 1 . The cermet rod 26 has a diameter of 2.05 mm and is secured, at its first 
end 27. to the first end 28 of the tungsten pin 29 by means of a welded joint. The pin 29 
has a diameter of 1 . 1 8 mm and carries the electrode spiral 3 1 at its second end 30. Near 
the interface 34 between the pin and the rod, the pin exhibits a solidified tungsten melt 
35, which is caused by applying the welding energy to said location during the 
manufacture of the electrode feedthrough. The melt 35 has a diameter of 0.6 mm and 
extends to approximately 0.1 mm from the interface 34. The melt 35 does not contact the 
interface 34. In addition, damages such as welding edges and fins on the cermet rod do 
not occur. The distance between the melt 35 and the interface 34 (the distance from the 
middle point of the melt to the interface) is approximately 0.4 mm. This distance should 
generally not exceed the diameter of the tungsten pin in order to allow the temperature of 
the first end of the cermet rod to be sufficiently high, during the manufacture of the 
electrode feedthrough, to form a welded joint at the interface 34. At its first end 28, the 
tungsten pin 29 has a second solidified tungsten melt (not shown in the drawing) of 
substantially the same dimensions as the melt 35. which second solidified tungsten melt 
is situated diametrically opposite the solidified melt 35 and at the same distance from the 
interface 34. After all, during manufacturing the welded joint, the welding energy is 
substantially equally distributed to the relevant places on the electrode pin. 

Electrode feedthroughs of the type described above were manufactured as 

follows. A cermet rod having a diameter of 2.05 mm was pressed against a tungsten 
electrode pin having a diameter of 1 . 18 mm by applying a force of 1 to 2 N. which rod 
and pin remained freely movable in the axial direction. Subsequently, a laser whose 
power was set to 4 kW was used to generate a laser pulse with a pulse duration of 20 ms, 
the laser beam being divided into two sub-beams, which sub-beams were focused on 
diametrically opposite target points on the first end of the tungsten pin near the interface 
between rod and pin. The diameter of the sub-beams on the target spots was 0.6 mm, and 
the distance from the middle point of the target points to the interface was 0.4 mm. The 
energy supplied by the laser pulse was 80 J. In this manner, a strong welded joint was 
obtained between cermet rod and electrode pin, with a tungsten melt, that solidified upon 
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cooling, being formed at the target points of the laser beams. This method was found to 
be readily reproducible and only little dependent on small variations in process 
parameters. 

El e ctric dovico with data communication bus 



Th e inv e ntion relat e s to an e l e ctronic d e vic e , comprising: 

a data communication bus having a plurality of substantially parall e l 

conductors, the plurality of substantially parallel conductors comprising a first conductor 
and a second conductor; and 

a control circuit for providing the first conductor with a first e l e ctrical 

signal and the second conductor with a second el e ctrical signal. 



In th e art of int e grat e d circuit (IC) d e sign, data communication bus e s, e .g. 

communication devic e s for conn e cting at least on e s e nd e r to at least one r e c e iv e r, are 
w e ll known d e vic e s for establishing high sp ee d communication b e tw ee n various 
compon e nts e .g. processors, cor e s, m e mories, peripherals and so on. With the ongoing 
downscaling of th e dim e nsions of semiconductor devic e s, th e distances b e tw ee n th e 
conductors of th e data communication bus e s b e come smaller, which introduc e s various 
int e rf e r e nc e probl e ms. This can b e e xplained in t e rms of a mutual capacitanc e (Cm) of 
neighboring conductors, which b e com e s larger with th e afor e m e ntioned d e cr e ase in 
technology dim e nsions. It is e xp e ct e d that Cm will b e com e so largo that it will dominat e 
the transient b e havior of the conductors. Two major unwanted e ff e cts aris e from this. 
First of all, additional noise, e.g. crosstalk, is introduc e d with increasing Cm, l e ading to a 
d e t e rioration of signal integrity and incr e as e of communication lat e ncies becaus e more 
tim e is requir e d to charg e Cm. Mor e over, pow e r consumption incr e as e s as a r e sult of th e 
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larg e r Cm. For instance, for a 0 > 1 transition next to a 1 >0 transition on two adjacent 
conductors the polarity of th e voltag e on th e capacitor is rev e rs e d; first the capacitor has 
to be discharg e d b e fore it can b e charg e d again which incr e ases both pow e r consumption 
and signal propagation delay wh e n Cm b e com e s larger. Sinc e th e power consumption 
incr e as e s with th e downscaling of semiconductor d e vic e dimensions, th e incr e as e in 
pow e r consumption associated with an incr e asing Cm is a highly unwant e d e ff e ct, 
because th e s e pow e r issu e s ar e incr e asingly becoming a limiting factor to int e gration 
d e nsity. 

In the proceedings of the DATE conf e r e nce 2000 , "A Bus Delay 

Reduction Technique Consid e ring Crosstalk" on p. 116 by K. Hirosh e and H. Yasuura, a 
data communication bus with inv e rt e r chains of differ e nt l e ngths coupled to th e various 
conductors has b ee n disclosed. This r e sults in a r e duction of crosstalk associated with 
opposit e transitions, b e caus e the temporal overlap betw ee n th e rising and falling e dg e of 
the respectiv e transistions is r e duc e d. In oth e r words, a (01) — > (10) transition, with th e 
brack e t e d values r e pr e s e nting the signal values on two n e ighboring conductors, proc ee ds 
via a (1 1) or (00) int e rm e diat e state, depending on which transition e xhibits the long e r 
d e lay. 

It is a disadvantag e of th e aforementioned arrang e m e nt that th e 

symm e trical e.g. (00) >(1 1) and (1 1) >(00) transitions ar e also s e l e ctiv e ly delay e d. In 
both th e (00) and (11) states, the mutual capacitor Cm is uncharged, and as long as th e 
(00) >(1 1) and (11) >(00) transitions take place simultan e ously no charging of Cm is 
r e quir e d. If, how e v e r, a delay is introduced in one of th e transitions with r e sp e ct to th e 
other, th e (00) >(1 1) transition proceeds via a (01) or (10) stat e with associat e d charging 
and discharging of Cm. Although th e aforementioned arrang e ment improv e s ov e rall 
signal int e grity, it is a disadvantag e that the pow e r consumption of th e bus 
communication is incr e as e d for c e rtain transitions. 
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Inter alia, it is an object of the pres e nt inv e ntion to provide a data 

communication bus of the kind d e scrib e d in the op e ning paragraph for which the ov e rall 
power consumption associat e d with signal transitions on the conductors of a data 
communication bus is r e duc e d. 

Now, this obj e ct is realized by first signal transition d e p e ndent d e lay 

circuit for delaying a first e l e ctrical signal transition; and second signal transition 
d e p e nd e nt delay circuit for d e laying a s e cond e l e ctrical signal transition. 
The delay of a 0 > 1 or a 1 > 0 transition causes the (01) > (10) and (10) > (01) 
transitions to take plac e through an intermediat e (1 1) or (00) state, thus yielding a 
r e duction in power consumption, becaus e a full r e versal of th e capacitor polarity 
associated with th e dir e ct (01) — > (10) and (10) > (01) transitions is avoid e d by th e 
interm e diate (1 1) or (00) stat e s, in which th e capacitor is uncharg e d. Pr e f e rably, th e first 
and s e cond delay circuits introduce a substantially equal delay. As a consequenc e , e ach 
of the (00) > (1 1) and (1 1) — > (00) transitions is then delay e d by substantially th e same 
amount of time, which prev e nts the occurrence of the unwant e d intermediate (10) and 
(01) stat e s during symmetrical transitions, thus avoiding th e unnoccosary charging of Cm. 
Consequently, a significant pow e r r e duction is achi e v e d. 

It is an advantag e if the first signal transition d e p e ndent delay circuit 

compris e s a logic e lement having a first input being coupl e d to an input of th e delay 
circuit via a first input delay e l e m e nt; a second input b e ing coupled to th e input of th e 
delay circuit; and an output being coupl e d to th e first conductor. 
Logic elem e nts ar e v e ry suitable elements for introducing a transition d e p e nd e nt d e lay, 
becaus e only specific transitions cause a chang e in the output valu e of a logic e lem e nt. In 
addition, th e transition characteristics of standard logic e lements usually are d e sign e d to 
bo highly symmetrical, i. e . the rising edg e s and falling edg e s of the respective 0 > 1 and 
1 > 0 transitions ar e v e ry similarly shaped, which is advantag e ous in terms of si ^at 
int e grity. 
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It is an advantag e if tho logic e l e m e nt comprises an AND gate, and th e 

first input d e lay e lem e nt comprises an inverter chain having an e ven number of inv e rt e rs. 
Driving a signal through both inputs of an AND gate, wh e r e by on e of tho inputs is 
d e lay e d with respect to th e oth e r input, th e 0 > 1 transition on a conductor is d e lay e d, 
whereas th e 1 — > 0 transition is not, b e caus e for the 0 > 1 transition both inputs of the 
AND gat e have to r e ach the - V stat e as opposed to the 1 — > 0 transition, wh e r e th e l e ss 
delay e d input r e aching a'0' stat e wil already cause th e AND gate to output a logic 0. 

It is another advantag e if th e logic el e ment compris e s a NOR gate; 

tho first input delay elem e nt compris e s an inv e rt e r chain having an e v e n numb e r of 
inverters and th e first input and s e cond input of th e logic elem e nt b e ing coupled to th e 
input of tho first transition dependent d e lay circuit via an inv e rt e r. 
Driving a signal through both inputs of a NOR gat e , whereby on e of the inputs is d e lay e d 
with r e sp e ct to th e other input path, th e 0 > 1 transition on a conductor is d e lay e d, 
wh e r e as th e 1 — > 0 transition is not, because for th e 0 > 1 transition both inputs of th e 
NOR gat e hav e to r e ach tho '0' state as oppos e d to th e 1 — > 0 transition, whore the l e ss 
d e lay e d input reaching a' 1 - state wil alr e ady cause th e NOR gate to output a logic 0. 

It is not e d that in US patent 1,905,192 a s e miconductor m e mory is 

disclosed. In this patent, th e afor e m e ntioned delay el e m e nts, e.g. the NOR and AND gat e , 
can b e found in Fig.7 and 8 r e spectively. How e v e r, in this patent th e transition d e p e nd e nt 
d e lay circuits ar e e xclusiv e ly being us e d in m e mory d e vic e s to g e n e rate a word lin e 
driver signal only aftor a decod e r inhibit signal is g e nerated, in ord e r to provide high 
sp ee d acc e ss to a memory when tho redundancy circuit is not us e d, as stipulated in col. 1 
lin e s 16 63, col. 2 lines 11 15 and col. 5 lines 6 16. As cl e arly stat e d in col. 1 lin e s 56 63, 
th e motivation for using transition d e p e nd e nt d e lay circuit is to set optimum timings in 
both cas e s whore tho r e dundancy circuit is us e d and not us e d. It is e mphasiz e d that the 
afor e m e ntioned prior art is sil e nt about tho eff e ct of introducing transition dep e ndent 
d e lays to roduce power consumption in high spe e d communication d e vic e s e .g. data 
communication bus e s. In addition, the us e of transition dependent d e lays in bus 
communications introduc e s asymmetry in tho timing of th e rising and falling edges of th e 
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signal on tho bus conductors, which is a contra intuitive concept in a technical field 
wher e signal symm e try is consid e red to be on advantag e ous charact e ristic. Cons e qu e ntly, 
it is stipulated that th e us e of transition d e pendent delay circuit to reduce power 
consumption is a nov e l and non obvious application of th e transition d e pend e nt d e lay 
circuit. 

It is a further advantag e if th e first signal transition depend e nt delay circuit 

compris e s an asymm e tric inverter having an input coupled to th e control circuit; an 
output coupl e d to tho first conductor; a first transistor having a first r e sistance; and a 
s e cond transistor having a second resistanc e . 

The use of an invert e r having transistors with diff e rent resistanc e s also introduc e s 
transition dependent d e lays. In conv e ntional invert e rs, the width ov e r l e ngth (W/L) ratio 
of th e transistors is chos e n such that both transistors e xhibit comparable resistanc e s to 
ensure symm e trical rising and falling e dges in th e switching behavior. As a r e sult of th e 
adjustm e nt of th e W/L ratio of at l e ast one of th e transistors, th e transistor with th e 
smaller ratio will tak e long e r to b e com e conductive du e to its increas e d r e sistance and as 
a result the transition of th e signal associated with th e conductivity of that transistor will 
become delayed. 

For th e pr e vious e mbodim e nt, it is anoth e r advantag e if the output of th e 

asymm e tric invert e r is coupled to the first conductor via a capacitor and a buff e r circuit. 
To comp e nsate for th e introduced asymm e tri e s b e tween th e shap e of th e rising and 
falling edges of th e signal, th e asymm e tric inv e rt e r is coupled to a capacitor and a buff e r 
circuit, which will cr e ate similar e dg e shapes onc e th e r e sp e ctive transistors becom e 
conductiv e . 

Tho invention is d e scribed in more detail and by way of non limiting 

exampl e s with r e ference to the accompanying drawings, wh e r e in: 

Fig. 1 shows th e e l e ctronic devic e according to th e present invention, 

Fig. 2 shows a sch e matic layout of a numb e r of data bus conductors and 

accompanying capacitanc e s, 
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Fig.3 shows a transition dep e ndent delay circuit of th e e lectronic d e vic e 

according to an e mbodiment of the present inv e ntion, 

Fig. 4 shows a transition d e p e ndent delay circuit of th e e l e ctronic d e vic e 

according to another embodim e nt of th e pr e s e nt inv e ntion, and 

Fig, 5 shows a transition dependent delay circuit of the electronic d e vice 

according to y e t anoth e r e mbodiment of the pres e nt invention. 

In Fig.l, an e lectronic devic e 10 has a data communication bus 12. Th e 

e l e ctronic d e vic e 10 can be a microproc e ssor, an integrat e d circuit, a multipl e chip 
modul e or any oth e r semiconductor d e vic e utilizing a data communication bus 12 to 
e nabl e communication betw ee n th e various components of th e e lectronic device 10, e .g. 
memory, CPU, data storage m e ans, periph e ral d e vices and so on. Data communication 
bus 12 e mbodi e s a plurality of substantially parallel conductors 12a, 12b, 12c, 12d with a 
first conductor 12a and a s e cond conductor 12b, th e e xact number of conductors b e ing 
gov e rn e d by th e r e quir e d bandwidth of th e data communication having to tak e plac e on 
th e bus 12. Control circuit H driv e s an e lectrical signal onto th e conductors 12a d. Now, 
according to th e inv e ntion, this arrang e m e nt is e xt e nd e d with a first transition d e p e nd e nt 
delay circuit 16a coupling control circuit 1 4 to first conductor 12a and second transition 
d e p e nd e nt delay circuit 16b coupling control circuit H to s e cond conductor 12b. For 
r e asons of clarity, an input 31 of d e lay circuit 16a is explicitly shown. It is e mphasiz e d 
that th e inclusion of input 3 1 do e s not necessarily sugg e st th e r e quir e m e nt of additional 
hardware for first d e lay circuit 16a, nor do e s it sugg e st a necessary diff e r e nc e b e tw ee n 
first delay circuit 16a and th e other delay circuits 16b d. Preferably, this arrang e ment is 
extended to all conductors 12a d present in data communication bus 12; i.e. transition 
dep e nd e nt delay circuits 16c and 16d ar e coupl e d b e tw ee n control circuit H and 
conductors 12c and 12d r e spectiv e ly. In addition, it is pref e rabl e that d e lay circuits 16a d 
introduc e substantially equal delays for r e asons that will b e discuss e d in more detail lat e r. 

It is emphasiz e d that this arrangement is shown as a mer e e xampl e ; it will 

b e obvious to anyon e skill e d in th e art that this arrang e m e nt can e asily b e e xt e nd e d 
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and/or alt e r e d without d e parting from the scop e of th e invention. In addition, although 
transition d e p e nd e nt d e lay circuits 16a d are shown outsid e control circuit 1 4, it will b e 
obvious to thos e skill e d in th e art that d e lay circuits 16a d can alt e rnativ e ly b e int e grat e d 
in control circuit 14. 

Th e following Figs will b e d e scrib e d with backr e f e r e nc e to th e d e tail e d 

d e scription of Fig. 1, and r e f e r e nc e num e rals introduc e d in Fig.l will hav e th e sam e 
m e aning unl e ss stat e d oth e rwis e . 

Th e pow e r r e duction associat e d with th e pr e s e nc e of transition d e p e ndent 

d e lay circuits 16a d will bo explain e d in mor e d e tail with the aid of Fig.2. In CMOS 
t e chnology, th e b e havior of conductors 12a d is dominat e d by tw r o capacitanc e s: th e 
mutual capacitance Cm b e tw ee n two neighboring conductors e .g. conductor 12a and 
conductor 12b and so on, and th e bas e capacitanc e Cb, which is the capacitanc e b e twe e n 
conductor 12a and the substrate 22. Obviously, the latter also holds for conductors 12b d. 
With th e downscaling of CMOS t e chnology, th e distanc e b e tw ee n n e ighboring 
conductors 12a d in a data communication bus 12 decreases, which incr e as e s Cm. Cb is 
l e ss s e nsitiv e to the downscaling, and, cons e qu e ntly, Cm will dominate the switching 
b e havior of data communication bus 12 with th e ongoing downscaling into th e d ee p 
submicron domain. This has a detrimental eff e ct on the power consumption of data 
communication bus 12, as will b e d e monstrat e d b e low. As a simple e xampl e , in Tabl e I 
th e charge that has to be stor e d in Cm by pow e r supply (AQ^^) associat e d with an 
undelayed and d e lay e d simultan e ous signal transition on two n e ighboring wir e s is given. 



Table I 





tranoition 


additional 






(12a 12b) 


delay* 


Cm polarity 


(a) 


(00) >(H) 


none 


©—►-0 


0 












(00) >(01) >(11) 


0 >1 (12a) 


0 ) ( /+) ) 0 




(10) >(oi) 


none 


('/) >(/+) 


~ C m .2V 




(10) )(11) )(01) 




(+/) >0 >(/+) 






1 >0(12a) 
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* on on e of the two conductors 

In entry (a), th e e ff e ct of an undelay e d, or e qually d e layed, (00) > (1 1) 

signal transition on n e igbouring conductors 12a and 12b is giv e n. In th e initial (00) state 
capacitor Cm is uncharg e d and b e caus e no voltag e diff e r e nc e occurs betw e en conductors 
12a and 12b during th e transition, capacitor Cm r e mains uncharged all through th e 
transition; h e nc e the charg e transf e rr e d from power supply to Cm r e mains z e ro. 

In entry (b), the eff e cts of a d e lay on th e (00) > (1 1) signal transition of 

one of the neighboring conductors 12a and 12b ar e giv e n. H e re, the 0 > 1 transition on 
conductor 12a is d e lay e d, leading to an interm e diat e voltage diff e r e nc e b e tw ee n 
conductor 12a and conductor 12b at int e rm e diat e state (01). In th e int e rmediate state, 
capacitor Cm b e com e s charged with a polarity ( /+), in which the l e ft sign d e not e d th e 
polarity of th e capacitor plat e on the sid e of conductor 12a and the right sign denotes th e 
polarity of th e plat e on th e sid e of conductor 12b. Cons e qu e ntly, capacitor Cm with 
capacitanc e C ffl will approximat e ly b e charged corr e sponding to C ffl .V, with V b e ing th e 
voltage diff e r e nc e . 

In e ntry (c), th e e ff e cts of an undelayed, or mutually d e lay e d, (10) — > (01) 

signal transition on n e igbouring conductors 12a and 12b are given. H e r e , th e polarity of 
th e plat e s of capacitor Cm both has to b e rev e rs e d from initial state (+/ ) to final state ( 
/+). This is associated with a charge of approximat e ly C m .2V having to be provid e d by 
th e pow e r supply. It is e mphasized that this particular transition induc e s th e larg e st 
charge flux from power supply to Cm, and is th e refor e associat e d with the highest peak 
curr e nt. 

In e ntry (d), the eff e cts of an delay e d (10) > (01) signal transition on 

neigbouring conductors 12a and 12b are given. H e r e , th e 1 >0 transition on conductor 
12a is d e lay e d l e ading to an intermediat e stat e (1 1) in the switching process. During this 
int e rm e diat e stat e , Cm is short circuit e d via th e pow e r supply and th e charge stor e d on 
Cm is e qualiz e d. Consequently, now Cm only has to b e charged from a 0 >( ■ /+) stat e , 
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which is associat e d with a chargo of approximately C ffl .V having to be suppli e d by th e 
pow e r supply, 

Th e charging b e havior of Cm for th e various simultaneous signal 

transitions on n e ighboring conductor 12a and 12b clearly shows that for symmetric e.g. 
(00) — > (1 1) transitions, both transitions should be equally d e lay e d as shown in entry (a) 
to avoid th e occurr e nc e of th e int e rm e diat e (01) stat e shown in e ntry (b) with an 
associat e d non zero charg e flow from th e pow e r supply to mutual capacitor Cm. On th e 
oth e r hand, for antisymm e tric e .g. (01) — > (10) transitions, one of th e transitions has to b e 
d e lay e d to introduce th e interm e diat e (1 1) or (00) state shown in e ntry (d), thus r e ducing 
th e charg e flow from pow e r supply to mutual capacitor Cm from C ffl .2V associat e d with 
th e transition in e ntry (c) to C ffl .V. This makes the electronic d e vice 10 of the pr e s e nt 
inv e ntion particularly advantag e ous, becaus e it combines th e transition b e havior of 
advantageous entry (a) and advantag e ous entry (d); the symm e tric transitions on 
conductors 12a and 12b arc either und e lay e d or mutually d e layed by the r e sp e ctiv e signal 
transition d e p e nd e nt delay circuits 16a and 16b, whereas one of th e antisymm e tric 
transitions on conductors 12a and 12b is selectiv e ly d e lay e d by on e of the transition 
d e pend e nt d e lay circuits 16a and 16b and, cons e qu e ntly, th e peak currents associat e d 
with th e antisymm e tric signal transitions ar e r e duc e d. 

It is emphasiz e d that it will b e obvious to anyon e skill e d in th e art that a 

significant power r e duction is also achi e v e d when more than two conductors ar e 
involv e d, and that the mirror imag e s of th e transition s shown in Tabl e I yi e ld the sam e 
b e havior in terms of pow e r consumption. 

In Fig. 3, an e mbodiment of a transition d e p e nd e nt delay circuit 16a that 

combin e s th e switching behavior of e ntri e s (a) and (d) of Tabl e I is giv e n. Obviously, the 
same embodim e nt can also b e applied to d e lay circuits 16b d. A 2 input AND gat e 30 
with first input 32 and s e cond input 31 is giv e n. Th e output 37 of AND gat e 30 is 
conn e ct e d to conductor 12a. The inputs 32 and 31 of AND gate 30 ar e coupled to control 
circuit 1 4 via input 3 1 . Now, the transition dependent d e lay is introduc e d by inv e rt e r 
chain 36 or anoth e r d e lay e l e ment known from th e art. Inv e rt e r chain 36 is ins e rt e d into 
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th e path of first input 32. This has tho following e ffect. For a 1 >0 transition, th e logic '0' 
will be imm e diat e ly propagat e d along s e cond input 3 4 , and AND gat e 30 will 
imm e diately switch to a logic '0'. Ther e for e , th e 1 >0 transition is not d e lay e d by this 
delay circuit 16a. However, a 0 > 1 transition will b e d e lay e d, because th e 0 > 1 transition 
along first input 32 will b e d e layed by inv e rt e r chain 36. It is e mphasiz e d that in this 
arrang e ment inv e rter chain 36 needs to e mbody an oven numb e r of inverters to e nsur e th e 
correct logic valu e r e aching AND gate 30. AND gate 30 chang e s the signal valu e on its 
output 37 from a logic '0' to a logic 4 T not e arli e r than that tho logic - 1 - has rippl e d 
through the inv e rt e r chain 36, which eff e ctively delays th e 0 > 1 transition at conductor 
12a. It is emphasiz e d that, although no d e lay element is shown in the path of s e cond input 
34, it does not exclud e its pr e sence; th e arrang e ment shown in Fig. 3 merely serv e s as an 
e xampl e . 

In Fig. 4, anoth e r e mbodim e nt of transition d e p e nd e nt d e lay circuit 16a is 

shown. NOR gat e 40 with a first input 42 and a s e cond input 44 and an output 47 coupl e d 
to conductor 12a is shown. Again, the same arrang e m e nt can also apply to d e lay circuits 
16b d. Inv e rt e r chain 36 is arranged to delay th e propagation of the signal coming from 
control circuit 14 via input 31 along th e path of first input 42. In addition, inv e rt e r 38 
inv e rts th e logic valu e of th e signal coming from control circuit 1 4 b e for e providing it to 
first input 42 and s e cond input 44. Again, a 1 >0 transition will not b e d e lay e d by 
inv e rt e r chain 36, b e cause as soon as as tho logic '0' inv e rt e d by inv e rt e r 38 into a logic 
■ 1 ' r e ach e s NOR gat e 4 0 through second input 44, NOR gat e 40 will output a logic '0' on 
its output 4 7 coupled to conductor 12a. For a 0 > 1 transition, however, the d e lay 
introduced by inv e rter chain 36 dominates the switching b e havior; th e logic 4 0' g e n e rat e d 
by inv e rt e r 38 has to reach NOR gate on both first input 42 and s e cond input 44 b e for e 
NOR gate 4 0 switch e s to a logic ' \ \ Again, th e inv e rt e r chain has to embody an ev e n 
number of inverters to e nsure tho output of a correct logical valu e to NOR gate 40. 

It is emphasized AND gate 30 and NOR gat e 4 0 can also b e used to delay 

th e 1 >0 transition by applying well known bool e an logic redesign techniques. For 
example, an inverter not shown can be coupl e d b e tween th e output of AND gat e 30 and 
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conductor 12a in combination with an invortor not shown coupled to first input 32 and 
s e cond input 34 similar to th e arrang e m e nt with inv e rter 38 shown in Fig. 4 . It will b e 
obvious to anyon e skill e d in th e art that many variations to delay circuits 16a d ar e 
possibl e without d e parting from th e scop e of th e inv e ntion. 

Th e embodiment of delay circuit 16a shown in Fig. 5 do e s not incorporat e 

a logic gat e to introduc e th e transition d e p e nd e nt d e lay. Hero, an asymmetric inv e rt e r 50 
comprising a first transistor 52 and a second transistor 54 is us e d to introduc e a transition 
dependent delay. Th e introduction of differ e nt dimensions e.g. diff e r e nt W/L ratios for 
the two transistors invok e s asymmetric on/off switching of asymm e tric inverter 50. H e r e , 
a relativ e ly small pMOS transistor 52 caus e s a r e latively slow 0 > 1 transition at the 
output 57 of asymm e tric inv e rter 50 w r h e n th e input valu e provid e d by control circuit 14 
via input 3 1 b e com e s low. The r e lativ e ly slow transition is caus e d by a relatively high 
r e sistance of pMOS transistor 52. On the other hand, a relatively larg e nMOS transistor 
54 caus e s a r e lativ e ly fast 1 >0 transition at th e output 57 of asymm e tric inv e rt e r 50 
wh e n th e input valu e provided by control circuit 1 4 becomes high. Th e r e latively fast 
transition is caus e d by a relativ e ly low r e sistanc e of nMOS transistor 54. Obviously, this 
b e havior can b e r e vers e d by int e rchanging the dim e nsions of first transistor 52 and 
s e cond transistor 54. To e nsur e that the rising and falling e dg e s of th e signal outputt e d to 
conductor 12a via output 57 ar e of similar shape, delay circuit 16a is extend e d with a 
capacitor 56 and a buffer circuit 58. Buffer circuit 58 pr e f e rably compris e s an inv e rt e r, 
not show r n, to match th e logic value outputt e d to conductor 12a to th e logic value inputted 
from control circuit 14. In this cas e , th e 0 >1 transition outputt e d to conductor 12a is 
d e lay e d in comparison to tho 1 >0 transition. It is stipulated that oth e r d e lay circuits e.g. 
Schmitt trigg e r gat e s and comparabl e circuits can also b e us e d without d e parting from th e 
scope of the inv e ntion. 

It should be not e d that th e above mention e d embodiments illustrat e rath e r 

than limit th e inv e ntion, and that those skill e d in th e art will be able to design many 
alt e rnative embodim e nts without d e parting from the scop e of th e app e nd e d claims. In th e 
claims, any referenc e signs plac e d b e tw ee n par e ntheses shall not b e construed as limiting 
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tho claim. Tho word "comprising" does not e xclud e th e pr e s e nc e of e l e m e nts or st e ps 
oth e r than those list e d in a claim. The word M a' ? or "an" pr e c e ding an element do e s not 
exclude th e pr e s e nce of a plurality of such elements. In the d e vic e claim enum e rating 
several means, s e v e ral of th e s e m e ans can b e e mbodied by on e and th e sam e it e m of 
hardwar e . Th e more fact that c e rtain m e asur e s ar e r e cit e d in mutually different d e p e nd e nt 
claims do e s not indicat e that a combination of th e s e m e asures cannot b e us e d to 
advantag e . 
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ABSTRACT: 

A high-pressure discharge lamp includes a discharge vessel having a wall of a ceramic 
material. The lamps also includes at least a feedthrough of an electrode having a cermet 
rod. The cermet rod is connected at a first end to a first end of a predominantly tungsten 
electrode pin by a welded joint. The electrode pin is in line with the cermet rod and has, 
at its first end, a solidified tungsten melt that is located near the interface between 
electrode pin and cermet rod. 
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